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INTRODUCTION 
Amputees may complain of pain at the stump while 
wearing their prostheses.  High stresses applied onto 
the stump which is not particularly tolerant to 
loadings is a major cause of the pain.  Various 
experiments and finite element (FE) analyses have 
been performed to study the stress distribution at the 
socket-limb interface. In addition to the stress 
distribution, knowledge of the load tolerance of the 
stump is essential for the improvement of comfort. 
 
There were few investigations studying the pain 
response to stresses applied onto the stump.  Those 
investigations, however, focused on one particular 
region of the stump or the global response of the 
stump to external load.  Quantitative load tolerance 
over different regions of the stump have not received 
much attention. 
 
The objective of this study was to evaluate and 
compare the load tolerance over different regions of 
the stump among trans-tibial amputees. With the 
help of FE analysis, the stress distribution on the soft 
tissue corresponding to the depth of indentation 
when pain is reached was investigated. 
METHODS 
Pain threshold and tolerance over eleven different 
regions of the stumps of eight unilateral transtibial 
amputee subjects were studied. Pressure was applied 
normal to the test regions through a circular, flat-
ended indenter of 10mm diameter connected to a 
force transducer until the subjects said “stop”. The 
subjects were instructed to say “painful” when they 
started feeling pain and said “stop” when they could 
not stand the pressure. Force magnitudes were 
recorded when the subjects said “painful” and 
“stop”. Pain threshold and tolerance were calculated 
by dividing the force by the initial contact area of 
the indenter.  
 
The test regions included tibial tuberosity, mid-shaft 
of tibia, fibula head, distal ends of fibula, tibia mid-
patellar tendon, medial tibial flare, mid-shank of 
fibula, popliteal muscle, anterolateral and 
anteromedial tibia.  Each site was tested with two 
different indenters, namely Pelite and polypropylene 
(PP). The whole test was performed twice and the 
pressure at each test site was averaged. 
 
A finite element (FE) model was built using 
ABAQUS 6.3, based on the limb geometry obtained 
from MRI and pain threshold data of one 
participating subject. An indenter was created and 
aligned flat onto each isolated test site. The material 
properties of different regions of the stump and the 
indenter were adopted from the literature. Pain 
threshold, obtained from the experiment, was input 
to the model to load the indenting material.  
RESULTS 
Patellar tendon and distal end of fibula were found 
to be the best and worst load tolerant region 
respectively. Contrary to common believes, some 
regions with thicker layer of soft tissue were shown 
having lower load tolerance than the regions with 
thinner tissue layer. The subjects in average tolerate 
higher load with Pelite than polypropylene. There 
was a trend that pain tolerance of the limb decreased 
with age (r=0.79) 
 
The FE models shows that while the pressure 
distribution, with pelite distributing stresses more 
evenly (Figure 1), and indentation depth were 
different, the peak pressure was very close when 
Pelite and PP were loaded against the soft tissue to 
an extent that pain was just initiated. Table 1 shows 
the pain threshold (PTh), indentation depth and the 
peak pressure of some test sites when they were 
indented with pressure equivalent to pain threshold.   
 
  
  
 
Figure 1.Pressure distribution using (a) PP and (b) Pelite indenter 
over mid-patellar tendon region at pain threshold level. 
Table 1. Pain threshold (PTh), indentation depth and peak 
pressure over five selected regions being indented to 
an extent when pain is just initiated 
 
CONCLUSION 
Indentation test was performed in this study which 
revealed the load tolerance of different regions of 
the stumps. The FE model, simulating the 
indentation test, suggested pain is triggered when 
peak pressure is applied exceeding a certain limit. 
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Regions Indenting 
materials 
PTh 
(MPa) 
Indentation 
depth (mm) 
Peak pressure 
(MPa) 
Pelite 0.50 20 0.81 Popliteal 
muscle Polypropylene 0.41 14.5 0.81 
Pelite 0.48 13.7 0.72 Patellar 
tendon Polypropylene 0.43 11.5 0.74 
Pelite 0.48 11.5 0.77 Medial tibial 
flare Polypropylene 0.42 9.4 0.77 
Pelite 0.50 15.2 0.71 Anterolateral 
tibia Polypropylene 0.41 10.2 0.71 
Pelite 0.53 14.4 0.69 Anteromedial 
tibia Polypropylene 0.39 8.9 0.66 
(MPa) 
(a) (b) 
